Artificial Neural Network based Battery Management System on State of Charge Estimation for Optimal Operation of Photovoltaic-Battery Integrated System by Md Ohirul Qays, Joarder Akash






Artificial Neural Network based Battery Management System on 
State of Charge Estimation for Optimal Operation of Photovoltaic-






















Faculty of Engineering 



































Artificial Neural Network based Battery Management System on State of 















A thesis submitted 
In fulfillment of the requirements for the degree of Master of Engineering  








Faculty of Engineering 




I declare that the work in this thesis was carried out in accordance with the regulations of 
Universiti Malaysia Sarawak. Except where due acknowledgements have been made, the 
work is that of the author alone. The thesis has not been accepted for any degree and is not 
concurrently submitted in candidature of any other degree.
……………………………
Signature







First and foremost, my thanks goes to Allah (Sub) who gave me the strength and opportunity 
to finish my thesis. I wish to express my thanks to my principal supervisor, Dr Yonis. M. 
Yonis Buswig who has given me valuable guidance during this journey. I would like to thank 
my co-supervisor Dr Martin Anyi for their support and vital input. Also thanks to all the staff 
of Centre for Graduate Studies (CGS) for their great support and cooperation. I would like 
to be grateful to the Ministry of Education, Malaysia for granting me the Fundamental 
Research Grant Scheme (FRGS) that has given me the opportunity to complete my Master 
by research program.
Special thanks extended to my parents, who made lots of sacrifices in their lives to make a 
better life for their children. What we have achieved during our life in only the result of their 
sacrifices. Thanks extended to my Brothers and Sisters, who support me in my studies.
iii
ABSTRACT
Due to the reduction of fossil-fuel utilization PV-Battery integrated system is a preferable 
power supply in many areas of the world. Designing a supervisory controller that can harvest 
high energy density and prolong the battery lifetime is one of the major challenges in a 
battery energy storage system. A proper Battery Management System (BMS) monitors the 
battery charge status and takes decision to lengthen the battery lifetime. A regulatory State 
of Charge (SOC) estimation based on PV-Battery standalone system is presented in this 
research that significantly addresses the issues. The proposed control algorithm estimates 
SOC by Backpropagation Neural Network (BPNN) scheme and implements Maximum 
Power Point Tracking (MPPT) system of the solar panels to take decision for charging, 
discharging or islanding mode of the Lead-Acid battery bank. The proposed model is 
designed in MATLAB/SIMULINK software and the experimental prototype is assessed via 
dSPACE 1104 component. The proposed power control strategy is explored as robust as 
well as attained the effective objective of standalone PV-Battery Management System e.g. 
avoiding overcharging and deep-discharging manoeuvre under different solar radiations and 
temperatures. A case study is presented for several SOC estimation methodologies that 
demonstrate the e ectiveness of the proposed strategy with 0.082% error.
Keywords: Battery Management System (BMS), State of Charge (SOC) Estimation, 
Backpropagation Neural Network (BPNN), PV-Battery system
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Sistem Pengurusan Bateri Berasaskan Rangkaian Neural Buatan Menggunakan 
Anggaran Keadaan Caj Untuk Operasi Optimum Sistem Bateri Fotovoltaik Bersepadu
ABSTRAK
Pengurangan penggunaan bahan bakar fosil menjadikan sistem bersepadu PV-Bateri 
sebagai bekalan kuasa yang lebih disukai di seluruh dunia. Perancangan dari segi 
penyeliaan adalah salah satu cabaran utama dalam sistem penyimpanan tenaga bateri bagi 
mendapatkan ketumpatan tenaga yang tinggi dan memanjangkan jangka hayat bateri.
Sistem Pengurusan Bateri yang betul (BMS) boleh memantau tahap status caj bateri dan 
sekaligus boleh memanjangkan jangka hayat bateri. Sistem pengawalan PV-Bateri yang 
diasaskan daripada anggaran penyata caj (SOC) telah dibentangkan dalam kajian ini yang 
secara optimal bagi menangani isu-isu tersebut. Algoritma kawalan penganggaran SOC 
daripada Skema rangkaian Neural Network (BPNN) dan pelaksanaan sistem Penjejakan 
Titik Maksimum (MPPT) bagi panel solar merupakan keputusan yang diambil untuk 
mengecas, menggunakan atau memakai mod bank bateri Lead-Acid. Model yang 
dicadangkan ini direka bentuk dalam perisian MATLAB / SIMULINK dan prototaip 
eksperimen ini dinilai melalui komponen dSPACE 1104. Eksplorasi kajian ini mendedahkan 
bahawa strategi kawalan kuasa yang dicadangkan adalah kukuh dan memenuhi pelbagai 
objektif Sistem Pengurusan Bateri PV seperti mengelakkan berlakunya pengecasan 
berlebihan dan cara penggunaan yang jauh di bawah radiasi dan suhu solar. Satu kajian 
kes telah menunjukkan keberkesanan (Ralat 0.082%) strategi dengan jayanya melalui 
beberapa penggunaan metodologi anggaran SOC.
Kata kunci: Sistem Pengurusan Bateri (BMS), Anggaran Penyata Caj (SOC), Skema 
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This chapter lays down the foundation for the thesis and provides a brief introduction 
of Battery Management System based on State of Charge estimation control method for PV-
Solar system. This study offers knowledge on ANN to improve the potentiality on battery 
storage section. To examine the algorithms and techniques of the study, this chapter provides 
with detail discussions on the background and motivation of the study in Section 1.2, 
whereas Section 1.3 addresses the introduction to the technology and schemes used by the 
study and overview of BMS.
Furthermore, Section 1.4 addresses the problem statement that discusses the current 
issues and problems in BMS.  For which, hypothesis are elaborated in Section 1.5 while 
from such hypothesis several research questions appeared which are given in Section 1.6.  
Moreover, to address the research questions of this study there are objectives set in Section 
1.7 whereas the contributions to the existing knowledge are given in Section 1.8. Section 1.9 
and Section 1.10 represent the significance and scope of this research accordingly. Finally, 
the summary and thesis structure are provided at the end of this chapter in Section 1.11. 
1.2 Background and Motivation
Solar photovoltaic (PV) power plants have emerged a possible option to satisfy our 
increasing energy condition and reduce the fossil fuels dependency. Developing countries 
need to make use of full potential of PV resources to meet the incremental demand of energy 
security. Though energy storage-less PV-diesel microgrid system with optimal operating 
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strategy can afford for continual power supply in the unelectrified rural area, it may not be 
an environmentally auspicious due to the reliance on fossil based fuels and total dispatched 
energy cost (Benjamin et al., 2019; Ghenai & Bettayeb, 2019). 
Moreover, a standalone PV system is an inadequate source of electricity supplier 
because of power fluctuations created by varying solar radiation and atmospheric 
temperature. Hence, Maximum power point tracking (MPPT) is used commonly with PV 
solar systems to maximize power extraction from PV supply. The intention of MPPT is to 
make certain that, at any environmental situation, the maximum power is harvested from the 
PV panels by dint of matching its I–V working point with the corresponding power 
converter. Generally, a PV array operates along with a dc–dc power converter, whose duty 
cycle is accustomed to aptly track the MPP of the array (Gopi & Sreejith, 2018). Lasheen 
and Abdel-Salam (2018) presented an exhaustive literature review on offine and online 
techniques for PV MPPT system. Ishaque et al. (2014) evaluated the performance of perturb 
and observe (P&O) and incremental conductance (IC) MPPT technique on the basis of 
European Efficiency Test EN 50530 that was specially devised for the dynamic performance 
of PV system. Alik and Jusoh (2017) approached an improved P&O based MPPT algorithm 
for partial shading condition PV system through MATLAB/SIMULINK platform that 
performed zero ripple at the load side. Kamran et al. (2018) simulated a modified Perturb 
and Observe (P&O) MPPT algorithm in MATLAB/SIMULINK software that confines a 
search space of the power curve for 10% area. The proposed model contains Maximum 
Power Point (MPP) in this search space and starts perturbation and observation technique by 
lessening the response time with a solar tracker.
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On the other hand, only PV modules cannot meet the load demand during cloudy day 
or night time. Thus, a Battery Management System (BMS) is mandatory to combine with a 
standalone PV system to provide power uninterruptedly throughout the day and night time
(Ci et al., 2016; Yang et al., 2018). Generally, Lead-acid batteries have flat terminal voltage 
in the state of charge (SOC) range of about 40% to 80% as shown in Figure 1.1 and the 
batteries in PVs are normally operating in this SOC range (Lee et al., 2017). The voltage 
variation in this range is less than 0.45 V only. Such slight voltage differences can hardly be 
used to effectively persuade the proper charging and discharging processes and
consequently, another essential part of apprehension is the control and power distribution in 
PV-Battery integrated system.
Figure 1.1: OCV vs SOC relationship for 12 V Lead-Acid battery status (Lee et al., 2017)
In the preceding, there have been various attempts to develop optimal and novel 
power control strategies for the PV-Battery hybrid system to maintain a continuous power 
supply for the load demand. Chong et al. (2016) proposed PV/Battery-Supercapacitor hybrid 
system to elongate the battery lifecycle by dropping the dynamic stress and peak current 
demand of the battery. Natsheh and Albarbar (2012) studied on grid connected 28.8 kW 
PV-Battery integrated system in MATLAB/SIMULINK software by implementing P&O 
MPPT technique. The system showed power deviation (1.7 kW) between model prediction 
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and actual power because of clouds, dust, snow cover and aging effect. Alramlawi et al. 
(2018) considered grid scheduled blackouts for optimal operation of PV-Battery hybrid 
system and calculated battery SOC to prolong the battery lifetime. 
Figure 1.2: General model of BMS (Li et al., 2017)
Yu et al. (2018) constructed 2nd order Equivalent Circuit Model (ECM) of Valve 
Regulated Lead–Acid (VRLA) battery for Solar Home Systems and considered open circuit 
voltage (OCV) vs state of charge (SOC) non-linear relationship for low C-rate applications. 
Devarakonda and Hu (2014) introduced a fuzzy model to estimate SOC for Lead-Acid 
battery on behalf of Extended Kalman Filter (EKF) scheme. Cui et al. (2018) established 
lead-acid battery ECM for energy storage power station and estimated SOC by EKF method. 
However, there is no work done on proper control strategic for a standalone PV-storage 
integrated system by monitoring the battery charge status till now.
1.3 Battery Management System and its Application
BMS is a ploy that consists of hardware and software implementation of the battery.
The general model of BMS is shown in Figure 1.2 (Li et al., 2017). This one is operated to 
lengthen the battery life, ensure its security and support the precision of different states 
approximation to maintain the energy sections impeccably (Yang et al., 2018). For this 
